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ZRRG ERDUGV LV VFDQQHG WKURXJK WKH KLJKUHVROXWLRQ FDPHUD 7KURXJK WKH FRPSXWHU SURFHVVLQJ DQG
DQDO\VLVWKH UHOHYDQW JUDSKLFDO LQIRUPDWLRQ ZKLFK FRPHV IURP VFDQQLQJ LV XVHG IRU UHFRJQLWLRQ DQG
FODVVLILFDWLRQRI GHIHFW DSSO\LQJ DUWLILFLDO LQWHOOLJHQFH WHFKQRORJ\ ,W FDQ DFKLHYH WKHEHVW RSWLPL]DWLRQ7KH
WHFKQRORJ\RI WHVWLQJDQGRSWLPL]DWLRQEDVHGRQPDFKLQHYLVLRQ LVYHU\ LPSRUWDQW IRUFRPSOHWLQJDXWRPDWLF
LGHQWLILFDWLRQ DQG FODVVLILFDWLRQ RI GHIHFW RSWLPL]LQJ JUDGHG SODWH DQG DFKLHYLQJ WKH WHFKQRORJLFDO
WUDQVIRUPDWLRQ DQG LQQRYDWLRQ DERXW DXWRPDWLF GHWHFWLRQ DQG FODVVLILFDWLRQ LQ WKHSURGXFWLRQRI VROLGZRRG
ERDUGV HVSHFLDOO\ IRUZRRG SURGXFWLRQ DQG RWKHUPDWHULDOV VXFK DV EDPERR SURGXFWVZKLFKPDNH XVH RI
SODQWDWLRQKDYLQJPRUHQDWXUDOGHIHFWVDWSUHVHQW
7KH SODWH UHFRJQLWLRQ V\VWHP LV VLJQLILFDQWO\ GHSHQGHQW RQ WKH DFFXUDF\ DQG VSHHG RI WKH UHFRJQLWLRQ
DOJRULWKP>@$WSUHVHQWWKHPRUHFRPPRQPHWKRGVXVHGIRUWKHSODWHUHFRJQLWLRQV\VWHPLQFOXGHWKHVSDWLDO
IUHTXHQF\PHWKRGWKHFRORUPRPHQWDOJRULWKP>@JUD\OHYHOFRRFFXUUHQFHPDWUL[DQDO\VLVPHWKRGDQGVRRQ
7KH FKDUDFWHULVWLF RI WKH VSDWLDO IUHTXHQF\PHWKRG LV WKDW WKH DOJRULWKP LV VLPSOH EXW WKH HIILFLHQF\ RI WKH
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$OJRULWKP3ULQFLSOH








SURMHFWRUV IHDWXUH H[WUDFWLRQ FDQPHHW ERWK WKH UHTXLUHPHQWV RI WKH VPDOOHVW HUURU YDULDQFH)RU D JLYHQ0
GLPHQVLRQDO UDQGRP YHFWRU > @7P[[[; !   )RU LWVPHDQ(>;@ ˈ7KH FRYDULDQFH [& ([SUHVVHG DV
IROORZV
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
%HFDXVHRI(>;@ FRYDULDQFHPDWUL[LVWKHUHIRUHDXWRFRUUHODWLRQPDWUL[
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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&DOFXODWLRQ HLJHQYDOXHV RI  [&  POOO   ! DQG WKH FRUUHVSRQGLQJ QRUPDOL]HG HLJHQYHFWRU
PZZZ !  WKHIROORZLQJHTXDWLRQ
MLM[& ZOZ   PL ! 
:KHUH 7MPMMM @>  ZZZZ ! (LJHQYHFWRUKHUH PZZZ !  LVWRVDWLVI\WKHFKDUDFWHULVWLFVRIWKH
LQSXW FRQGLWLRQV (LJHQYDOXH EDVHG  POOO ttt !  7KH ;\
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 @>@>@>    ;(;(<( 77 ZZ 
VLQFHWKHFRYDULDQFHPDWUL[ \& LVWKHDXWRFRUUHODWLRQPDWUL[RI<DVIROORZ
 @>@>@> ZZZZ 77777< ;;(;;(<<(&    




























,Q WKH WUXQFDWHG < LW LV QHFHVVDU\ WR HQVXUH WKH FXWRII LV WKH VHQVH RI PHDQ VTXDUH GHYLDWLRQ LV WKH


































































:KHQ /M LV ODUJH HQRXJK \RX FDQ SUH/ FRQVWLWXWH D IHDWXUH YHFWRU VSDFH /ZZZ !  DV D ORZ
GLPHQVLRQDOSURMHFWLRQVSDFHWKXVFRPSOHWLQJWKHGHDOZLWKGLPHQVLRQDOLW\UHGXFWLRQ
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7HVWVDQG([SHULPHQWV
7KH H[SHULPHQWDO KDUGZDUH SODWIRUP KRVW XVHV HPEHGGHG ,3& ,QGXVWULDO 3HUVRQDO &RPSXWHU ZLWK 
GXDOFRUHDQG*PHPRU\&&'FDPHUDXVHV&&'LQGXVWULDOFDPHUD099'6&ZLWKSL[HO
7KHVDPSOHREMHFWXVHVFRORUFRPSRQHQWRI+69VSDFH)LUVWO\FRQYHUWDQ5*%LPDJHWR+69VSDFHDQG
QRUPDOL]H5*DQG% 5*% 7KHUDQJHRI+WUDQVIRUPHGLVVHW 69 5*%WR+69
WUDQVIRUPDWLRQIRUPXODLVDVIROORZ



































































$ FODVV SODWH DQG  SLHFH RI% FODVV SODWH DUH LGHQWLILHG$V D UHVXOW  SLHFHV DUH FRUUHFWO\ LGHQWLILHG 






7KH DOJRULWKP ILUVWO\ H[WUDFWV FRORU FKDUDFWHULVWLFV RI PRYLQJ LPDJH IXUWKHU XVHV  %3 QHXUDO QHWZRUN WR
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